Decreased oxygen consumption as a toxic manifestation of protamine sulfate reversal of heparin anticoagulation.
Protamine sulfate has been observed to interfere with the control of isolated mitochondrial respiration in vitro. This study was designed to determine if oxygen consumption changes in intact animals occur in vivo during protamine administration. Oxygen consumption was assessed in seven dogs anticoagulated with heparin (150 IU/kg) and reversed 30 minutes later with protamine sulfate (1.5 mg/kg). Oxygen saturations measured included arterial (SaO2 arterial), mixed venous (SvO2 systemic), jugular (SvO2 jugular), portal (SvO2 portal), and coronary (SvO2 coronary). Cardiac output (CO) and carotid artery flow determinations allowed calculation of systemic oxygen consumption (VO2 systemic) and cerebral oxygen consumption VO2 cerebral. Hemodynamic measurements included arterial blood pressure (BP), pulmonary artery systolic and diastolic pressures (PAS, PAD), and heart rate (HR). Protamine sulfate administration resulted in hypotension (delta BP -64 mm Hg), pulmonary hypertension (delta PAS + 13 mm Hg, delta PAD + 11 mm Hg), and bradycardia (delta HR -30). Shortly after protamine administration, CO fell 54% and carotid artery flow fell more than 50%, yet declines in SvO2 systemic and SvO2 jugular were not observed. In fact these parameters increased 3% and 2%, respectively. VO2 systemic fell 55% and VO2 cerebral fell 57%. Similarly, SvO2 portal and SvO2 coronary increased 6% and 9%, respectively. Significant correlations existed between changes in VO2 systemic and BP (r = 0.05, p less than 0.001), HR (r = 0.3, p less than 0.01, PAD (r = -0.3, p less than 0.05, and CO (r = 0.8, p less than 0.001). Impaired oxygen utilization was most evident during the first 5 minutes after protamine administration. This investigation, for the first time, establishes that protamine sulfate decreases in vivo oxygen consumption, a finding that may account for certain of the drug's adverse side effects.